Objective. The development of chronic postsurgical pain (CPSP) is influenced by several factors. The risk index for chronic pain (RICP) was developed to identify patients at high risk for CPSP. The aim of this study was the external validation and update of the RICP.
Introduction
Chronic postsurgical pain (CPSP; pain lasting at least three months) is a frequent postoperative complication with an incidence of 10-50% after general surgery [1] . Any surgical procedure can lead to CPSP [2] . CPSP delays recovery, reduces quality of life, and increases resource use [3] [4] [5] [6] [7] . The development of CPSP is a multifactorial process [1] . The prognosis is influenced by physical, psychological, genetic, and social factors [8, 9] . The level of acute postoperative pain also correlates with the risk of chronification, but the interactions and interdependencies of these factors are largely unexplored [1] . Hence, it is still difficult for clinicians to judge which patients might develop CPSP [7] . More precise information on the risk of CPSP can support early identification of patients with a high risk of developing CPSP. This is important information for achieving timely and tailored pain management that might prevent chronification [10] .
In order to identify patients at high risk of developing CPSP, the risk index for chronic pain (RICP) was developed (see Supplementary Data S1). The RICP was developed in 150 patients who underwent different types of surgery. The aim was to develop a model that can predict persistent pain six months after surgery considering the multifactorial etiology of CPSP, which is easily applicable in clinical routine. The resulting original index contains five items. Higher-sum scores on the RICP (number of positive items) indicate higher risk for chronic pain. The original cutoff score for CPSP was set at 3 [7] .
When used in a different population, the performance of risk prediction models is generally lower than the model performance in the development population. External validation is therefore necessary to assess overfitting (overoptimism) and transferability (e.g., to other patients, settings) of a risk prediction model. Therefore, after developing a prediction model, an external validation is necessary to evaluate the performance of the model in a different but related population [11, 12] . Up to now, the RICP was not externally validated. Our objective was to assesses the external validity of the RICP in a diverse patient population and, if necessary, to refine the RICP in this population.
Methods
Methods and results were reported according to the Transparent Reporting of a multivariable prediction model for Individual Prognosis Or Diagnosis (TRIPOD) guideline [11] .
Study Design and Source of Data
For the validation and update of the RICP, we performed a prospective cohort study. Patients were recruited between July 2012 and April 2014. The followup was six months.
We obtained institutional ethical approval for this study.
Setting and Participants
The study was performed at two German centers (secondary care departments: general, abdominal, and thoracic surgery, neurosurgery, orthopedics, and trauma). For geographical validation (other regions), we recruited patients similar to those included in the development study from a center in another city (St. Marien Hospital Luenen). For temporal validation, patients from the same center in which the development study was conducted were recruited at another time point (Hospital Cologne Merheim).
Participants who underwent orthopedic surgery, general surgery, visceral surgery, and neurosurgery were eligible. Inclusion criteria were exactly the same as those applied in the development study [7] . Inclusion criteria were elective surgery and age 18 years. Exclusion criteria were cognitive impairment and insufficient knowledge of the German language. No further inclusion or exclusion criteria were applied to increase the generalizability of the results.
Patients received pain treatment as described in the hospital manuals, which were based on the evidencebased German clinical practice guideline on treatment of procedure-specific acute perioperative and posttraumatic pain [13] . We aimed to develop a model that is valid for clinical practice. Therefore, pain management was not further specified, but left to the decision of the treating anesthesiologist because we aimed to mirror practice variations as far as possible. Postoperative pain treatment can influence the prevalence of CPSP. Therefore, the baseline RICP score (e.g., patients at high risk for CPSP) was not considered in the pain treatment decision because this could have had an influence on outcome rate and consequently would have biased the results.
All subjects provided written informed consent. The study was performed in accordance with the Declaration of Helsinki [14] .
Outcome
During hospital stay, patients reported postoperative acute pain using a subject questioner booklet containing a numerical rating scale (NRS; 0-10). The pain data were collected daily, starting at the day of surgery after leaving the recovery room and continuing until the fifth postoperative day or day of admission, if this was prior to the fifth postoperative day.
The outcome for the RICP was chronic pain at six months after surgery (six-month follow-up). We sent a questionnaire to all patients to gather information on chronic pain at three and six months (three and six months of follow-up). A reminder was sent in the case that the questionnaire was not sent back. The pain measure used for analysis was NRS pain 3 in the field Prediction Postoperative Chronic Pain of operation during movement or at rest in the last three days.
All information on predictors and outcomes was entered in a standardized case report form (CRF).
Predictors
One day before surgery, the treating surgeon collected the preoperative RICP items (preoperative pain in the operating field, other chronic preoperative pain, comorbid stress symptoms, capacity overload in the past six months, sociodemographic data) by directly asking the patient. We obtained perioperative (e.g., duration of surgery) medical data from the clinical information system (e.g., patient records). The variables collected at baseline and during hospital stay are shown in Table 1 .
Sample Size
We did not perform a formal sample size calculation but aimed to include about 200 patients to reach approximately five events per predictor variable for the analysis. [15] .
Missing Data
Missing outcome values were replaced using multiple imputation. A multiple imputation procedure inputs the missing entries of a data set multiple times, drawing values from a predefined distribution. We created five complete data sets using fully conditional specification multiple imputation (Markov Chain Monte Carlo). All analyses were performed in the original data set and the five multiple imputation data sets, and subsequently the results were pooled across the five multiple imputation data sets.
Statistical Analysis

Handling Predictors
In addition to the original RICP, we created two updated RICP models (henceforth called reduced RICP and updated RICP) [16] . In the original RICP model and the reduced RICP model, postoperative pain was dichotomized (mean movement-evoked pain intensity on the first through fifth day after surgery 5). In the updated models, we used the last pain measure of the hospital stay on the original scale (NRS, 1-10).
All other predictors were either dichotomous in nature (e.g., yes/no answers) or were dichotomized for the purpose of analysis (marital status). The coding of each predictor is shown in brackets in the first column of Table 1 .
Models (Original RICP, Reduced RICP, Updated RICP)
Logistic regression models were used for all analysis. All considered predictors were entered as independent variables in the model; that is, we did not model the influence of change scores (e.g., reduction from preoperative to postoperative) or interactions between variables.
First, we validated the original RICP [7] . For external validation of the original RICP, we used the same predictors, predictor calculations, outcome, and sum score calculation as in the development study (for difference in setting and population, see above). Second, the model was updated by skipping variables (capacity overload, comorbid stress symptoms) of the original model (Supplementary Data S1), redefining variables (postoperative pain on the original scale) and subsequently adding new variables (marital status and sex) (for updated RICP, see Table 3 ).
The starting model for the reduced RICP (Supplementary Data S3) was the original five-item RICP (Supplementary Data S1). The starting model for the updated RICP included the original RICP items as well as patient characteristics, surgical details, and a question on belief in convalescence. We only included variables in the starting model that showed potential relevance in a previous systematic review and that also were statistically significant (P < 0.1) in the previous univariate analysis (see Supplementary Data S2) [7] . The starting model included 16 variables (RICP items, age, sex, marital status, employment, education, body regions of surgery, minimally invasive intervention, duration of surgery) [7] .
To arrive at the reduced and updated models, we used stepwise backward elimination. Backward stepwise elimination fits regression models, starting with a full model (see above) and subsequently eliminating variables with large P values (exclusion P > 0.1). Variables with P values of less than 0.05 are again included. The algorithm terminates if no further variables are excluded or included. The removal testing was based on the probability of the likelihood ratio statistic based on conditional parameter estimates. The model was fitted in the original data, and also in all multiple imputation data sets (six data sets in total). All variables that remained in at least three of the multiple imputation data sets and also the original data set were included in the updated RICP.
Calculation of Predictions
Each "yes" answer and each point on NRS (reduced and updated model) one point is assigned. Second, the points are summed up (total sum of points) to calculate the RICP-score (original, reduced, updated). We applied no weighting scheme because we want to keep the paper-based RICP calculation as simple as possible to allow easy application in clinical routine.
Measures to Assess Model Performance
The performance of all RICP sum scores (original, reduced, updated RICP) in our new population was tested with discrimination, classification, and calibration measures [12] . We used different calibration measures. The statistical testing for goodness of fit (proportion of variance that is explained by the model) was performed using Nagelkerkes R 2 (pseudo R 2 ). Furthermore, the observed frequencies of chronic pain were compared with the probabilities predicted by the RICP and illustrated with plots.
For discrimination, receiver operating characteristic (ROC) curves were calculated to estimate the area under the ROC curve (c-statistic). Sensitivity and specificity were used to describe performance in classification of high-risk and low-risk patients. The ROC curve was used to determine the cutoff point at which the correct classifications were maximized (best balance between sensitivity and specificity).
We used 50% random split samples, leaving 10% out for internal validation of the new risk prediction models (updated RICP). Leaving out 10% is a type of cross-validation that partitions the data set into complementary subsets (10% of all patients). Similar to random split samples, the analysis is performed in one subset (training set, 90%) and validated in the other subsets (testing sets, 10%). The procedure is repeated in the subsets (10 rounds). The validation results are then averaged across the different rounds.
All results are presented with 95% confidence limits. The analyses were conducted using SPSS version 23.
Results
Flow of Participants
We included 205 patients. For 167 (81%) patients, chronic pain was measured at six-month follow-up.
CPSP was reported by approximately half of the patients (53.9% pain vs 46.1% no pain).
Characteristics of the Participants
Baseline data, including predictors and number of missing values for each variable, are presented in Table 1 . Characteristics of the RICP development population are presented in Supplementary Data S2. Table 2 shows odds ratios and P values for each predictor of the three models (original, updated, reduced).
External Validation of the Original Model
The original RICP sum score with five predictors (preoperative pain in the operating field, other chronic preoperative pain, postoperative acute pain during movement [mean movement-evoked pain intensity of 1st -5th day after surgery 5], capacity overload in the past six months, comorbid stress symptoms) yielded a ROC area of 0.766 (95% CI 0.688-0.843) (Figure 1 ). Nagelkerke's R 2 was 0.34. The prediction plot is presented in Figure 2 . The results were confirmed in the multiple imputation data 
Reduced Model
Two predictors of the original model did not contribute to the prediction of the outcome in the original data set or in any of the multiple imputation data sets ("capacity overload/overstrain in the past six months" and "one or more comorbid symptoms"). Both variables were excluded in the reduced model. Thus, only the pain measures (preoperative pain in the operating field, other chronic preoperative pain, postoperative acute pain during movement [mean movement-evoked pain intensity of the 1st -5th day after surgery 5]) remained in the model (for reduced RICP, see Supplementary Data S3). The sum score of the reduced RICP resulted in an AUC of 0.787 (95% CI 0.714-0.860) (Figure 3 ) with a Nagelkerke's R 2 of 0.34 (for prediction plot, see Supplementary Data S4). Applying a cutoff of 2 reached the most correct classifications, with a sensitivity and specificity of 0.763 and 0.750, respectively.
Model Update
The model update led to the inclusion of sex (female higher risk) and marital status (unmarried/no partnership higher risk). These variables remained in the model of the original data set and also in three of the multiple imputation data sets. The three pain (preoperative pain in the operating field, other chronic preoperative pain, postoperative acute pain during movement [postoperative acute pain during movement at day 5]) predictors were also highly predictive and statistically significant in each data set.
The sum score of this updated prediction model (Table 3) yielded an AUC of 0.813 (95% CI 0.740-0.886) Figure 1 Receiver operating characteristic curve, original risk index for chronic pain. ROC ¼ receiver operating characteristic. Figure 5 . The aggregated internal validation performance measures confirmed the results. Leaving out 10% cross-validation showed 64.9% correct classifications of no chronic pain and 77.5% correct classifications of chronic pain (overall 71.7%). Most errors were RICP classifications of low risk for developing CPSP, where CPSP actually was observed later (misclassification in low-risk groups). Cross-validation using random split samples showed similar results (correctly classified [overall], training set: 69.6%; test set: 66.4%).
Discussion
Various risk factors for the development of CPSP have been identified [8, 9] . However, to the best of our knowledge, until the development of the RICP, no prediction model for the development of CPSP existed that was easily feasible in clinical routine [7] .
We performed an external validation of the original RICP and refined this RICP in a different but related patient population [11] .
Model performance of the original RICP was only slightly inferior in our new population compared with the development population, indicating external validity of the original RICP.
We undertook an update of this prediction model to further improve the predictive ability in a more diverse population and broad setting [15] . One of the main results of our study is the high predictive ability of the level of preoperative and postoperative pain measures alone (reduced RICP). In our study, pain was measured on different postoperative days. Each subsequent measurement/day of pain showed stronger prediction than the precedent, meaning the last pain measurement time point has the highest predictive ability (data not shown). This observation suggests that if pain resolves slowly after the surgical intervention, the risk for chronic pain is increased [17] . However, a reduced RICP that included pain change scores (preoperative pain measure to the fifth day of pain), instead of including the preoperative measure and the fifth day measure separately, reduced the model performance (data not shown). The findings regarding the influence of preoperative pain are also in accordance with previous studies on the predictive ability of acute postsurgical pain trajectories for the development of CPSP.
Prior studies showed that high initial postoperative pain intensity was associated with higher pain intensity at the six-month follow-up after surgery in 199 patients from different surgical fields [17] . It supports the frequently replicated finding that a high intensity of acute postsurgical pain [18] [19] [20] [21] , movement-evoked pain in particular [22] [23] [24] , is one of the strongest predictors for CPSP. This type of CPSP might be caused by neuroplastic changes in the central nervous system induced by highintensity pain in the first few postoperative days [25] .
Figure 4
Receiver operating characteristic curve, updated risk index for chronic pain. ROC ¼ receiver operating characteristic. In particular, the RICP that included preoperative and the last postoperative pain measurements on a continuous scale (NRS, 1-10) showed high predictive performance. Psychologic factors, such as capacity overload, are often said to have an influence on developing CPSP [26] . Nevertheless, in our models, these factors did not show a significant influence. The reason might be a correlation with other factors that have stronger predictive ability (e.g., preoperative pain, sex) and thus a higher chance of remaining in the model. Furthermore, psychological factors might be more relevant in vulnerable groups, but not in a diverse surgical patient population.
Instead, we found that the updated RICP including sex and marital status slightly increased the predictive ability further, compared with the reduced RICP that consists only of pre-and postoperative pain measures. Female sex and living alone were associated with higher risk for chronic pain. The influence of both factors is supported by the literature. The cause of this may stem from the effects of biosocial differences (sex differences in pain, including sex hormones, endogenous opioid function, genetic factors, pain coping and catastrophizing, and gender roles) on pain experience (greater attention to CPSP) [27] [28] . The influence of these factors in addition to the pain measures requires further validation.
Recently other risk models for different indications have been developed [29, 30] . A risk model developed in about 3,000 patients on genetic and clinical factors associated with CPSP after hernia repair, hysterectomy, and thoracotomy could not identify any significant influence of certain gens, but it agrees with our results that preoperative pain measures were predictive [29] . However, postoperative measures showed no significant influence in this study. Also, another risk model for chronic back pain found pain measures to be highly predictive [30] . Both new risk models for CPSP have not yet been validated.
The findings of our study support the identification of patients at high risk for chronic pain. This can improve clinical decision-making because the pain management can be better tailored to the individual risk profile. On the one hand, it improves the identification of patients that would benefit most from preventive (e.g., multimodal pain treatment, counseling) strategies for avoiding chronification [31] . On the other hand, it could reduce overtreatment of patients (e.g., unnecessary pharmacological preventive pain treatment).
The main limitation of the study is that, although the sample size was small and there was a large amount of missing outcome data, we did not perform any shrinkage or penalization of regression coefficients. The model might therefore be overfitted and may underestimate the probability of chronic pain in low-risk patients and overestimate the probability in high-risk patients [32] . However, event rates were high, and results were confirmed by internal validation, suggesting that overfitting might not be grave.
Moreover, our study population did not include all surgical patients that can potentially suffer CPSP (e.g., mastectomies, pelvic surgeries). Thus the transferability of the RICP to a broader surgical patient population remains unclear.
This primary study indicates the external validity of the original RICP. The results of our study suggest that a reduced RICP, consisting only of pre-and postoperative pain measures, could also support the identification of patients at risk for developing CPSP. The reduced RICP is the sum score of only three items and is consequently very easily applicable in clinical routine. The updated RICP (sum score of one preoperative pain measure, two postoperative pain measures, sex, and marital status) showed even higher predictive ability and was internally valid. A next step should be further external validation of the RICP in a larger sample. Moreover, an RICP app for modern technical devices (smartphones, tablets) should be developed that enables calculating the patients' individual risk of developing chronic postsurgical pain as easily but more precisely (e.g., using a more complex weighting scheme).
Supplementary Data
Supplementary data are available at Pain Medicine online.
